In arid and semiarid zones, groundwater plays a key role in the ecology and availability of freshwater. Coastal lagoons in arid zones have great importance as a refuge for species of flora and fauna, as a source of freshwater, and for recreational purposes for local communities and tourism. In addition, as environments under natural stress, they are suffering pressure from anthropogenic activities and climate change, especially in zones with intense touristic development as in the case of the Baja California Peninsula in northwest Mexico. In this paper, we analyze the future of a coastal lagoon impacted by climate change and anthropogenic pressures. We constructed a groundwater MODFLOW-SWI2 model to predict changes in freshwater-saltwater inputs and correlated them with the geospatial analysis of the distribution and evolution of the water body and surrounding vegetation. The methodology was applied to the San Jose lagoon, one of the most important wetlands in the Baja California peninsula, which had been affected by anthropogenic activities and endangered by climate change. According to our water balance, the deficit of the San Jose aquifer will increase by 2040 as a result of climate change. The water table north of the lagoon will drop, affecting the amount of freshwater inflow. This reduction, together with an increase of evapotranspiration and the sea-level rise, will favor an increase of mineralization, reducing the surface water and groundwater quality and in consequence affecting the vegetation cover. Without proper management and adequate measures to mitigate these impacts, the lagoon may disappear as a freshwater ecosystem. Results of this research indicate that the use of a groundwater flow model, together with a geospatial analysis provide effective tools to predict scenarios for the future of coastal lagoons, and serve as a basis for land planning, nature conservation, and sustainable management of these ecosystems.
Introduction
Groundwater plays a key role in the distribution of freshwater and the ecology of arid and semi-arid zones [1] , mainly due to low precipitation and high temperature, which means that the availability of surface water is low or non-existent.
Coastal lagoons are shallow water bodies with the influence of marine water and a particular ecology [2, 3] . Freshwater inflow can come from in situ rainfall, runoffs, and horizontal groundwater flow [3] [4] [5] . In the case of the San Jose Lagoon, the groundwater flow plays an important role in the water and mass budget [5] .
Usually, coastal lagoons have seasonal or limited connectivity to the sea through coastal barrier outlets, generating a confluence of fresh and saltwater [2, 3, 5] . They are also highly productive ecosystems, providing a wide range of ecosystemic services of socioeconomic value to coastal
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Study Area
San Jose Lagoon is one of the most important wetlands in the Baja California Peninsula because of its great biodiversity [5, 10, 21] . It forms part of the San Jose del Cabo watershed, located in the Mexican state of Baja California Sur on the southern tip of the Baja California Peninsula (Figure 1 ).
The extension of the watershed is 1278 km 2 [5] . The climate is characterized by semi-arid conditions, with a temperature interval ranging from a maximum of 42.0 • C to a minimum of −2.0 • C with an average of 23.5 • C. Average annual rainfall is 421.5 mm/year, of which 30% occurs in the winter and 70% in the summer [5] . Summer rains are usually of high intensity and short duration, caused by the approach of tropical cyclones to the peninsula. The lagoon consists of fresh-brackish water, whose natural influx depends on the runoff from the upper part of the San Jose del Cabo watershed, flowing into the San Jose creek down to the lagoon and a saltwater flux from the sea [5] . There is also an influx from the water treatment plant of the nearby city of San Jose del Cabo [5] .
Geology and Hydrogeology of San Jose Aquifer
From a geologic-tectonic perspective, San José del Cabo aquifer is located within the San Jose del Cabo sedimentary basin, which forms part of the Gulf of California Extensional Province. The evolution of the basin began during the Late Miocene [22] and represents a half-graben structure [22, 23] , with a sedimentary filling ranging from shallow marine to continental alluvial fans [23] . Mountain ranges of Cretaceous crystalline rocks (considered low permeability fractured aquifers) are located on both sides of the basin separated from the sedimentary units by normal faults [22, 23] (Figure 1 ). The thickness of the sedimentary filling varies from 1.6 km north of the study area to less than 150 m near the coast [5, 24] . The Trinidad Formation, located over the crystalline basement, is composed of shales, interbedded with sandstones with a maximum estimated thickness of 400 m [22] ; it is considered a low permeability porous aquifer. The overlying Refugio Formation, with a maximum thickness of 380 m, is formed by coarse-to medium-grained sandstone beds, interbedded with limestones and shales [22] . This unit is weakly cemented with carbonates and considered a medium permeability porous aquifer. The El Chorro Formation, on top of Refugio Formation, with an estimated maximum thickness of 150 m, represents a classic alluvial fan landform which overlies older strata along an angular unconformity [22] . It is composed of coarse grain sandstones and conglomerates and considered a medium-high permeability porous aquifer. Quaternary sediments, with grain size from silts to pebbles and a thickness of 0.2-200 m are considered the youngest unit in the basin [22, 23, 25] . This unit is located in the arroyos and it is considered the main aquifer in the watershed [5, 26] . 
From a geologic-tectonic perspective, San José del Cabo aquifer is located within the San Jose del Cabo sedimentary basin, which forms part of the Gulf of California Extensional Province. The evolution of the basin began during the Late Miocene [22] and represents a half-graben structure [22, 23] , with a sedimentary filling ranging from shallow marine to continental alluvial fans [23] . Mountain ranges of Cretaceous crystalline rocks (considered low permeability fractured aquifers) are located on both sides of the basin separated from the sedimentary units by normal faults [22, 23] ( Figure 1 ). The thickness of the sedimentary filling varies from 1.6 km north of the study area to less than 150 m near the coast [5, 24] . The Trinidad Formation, located over the crystalline basement, is The aquifer is over-exploited [5, 26] . According to [26] , the annual recharge volume of the aquifer is 35.9 × 10 6 m 3 of which 30.0 × 10 6 m 3 correspond to rainfall-runoff infiltration and groundwater inflows and 5.9 × 10 6 m 3 represents irrigation return flows and leakage of the water distribution system. The volume of outflows reaches 38.5 × 10 6 m 3 , of which 27.7 × 10 6 m 3 are related to groundwater pumping and 10.8 × 10 6 m 3 to evapotranspiration, horizontal groundwater discharge, and spring discharge [26] . The annual water budget shows a deficit of 2.6 × 10 6 m 3 [26].
Hydrogeology of San Jose Lagoon
San Jose Lagoon is a highly complex hydrogeological environment. In this area, the watershed is narrower, with only 3 km width and a shallow sedimentary filling above the granitic basement [5] . There are no studies about the sedimentary column in the area; however, three main deposits can be identified: (a) alluvial deposits of the San Jose Arroyo stream bed composed of fine to coarse grain sands, pebbles, and boulders; (b) clayey sediments at the bottom of the San Jose Lagoon; and (c) sandy sediments of the coastal sandbar ( Figure 1) .
The hydrogeological database on the lagoon is very scarce. Most of the publications refer to conceptual models of the lagoon without calculating a water budget. The amount of freshwater in the lagoon varies seasonally during the year depending on groundwater levels, runoff from the upper part of San Jose del Cabo watershed, an influx of seawater from the ocean (superficial and underground), and in situ rainfall [5] ; however, the condition of the lagoon can change drastically during the presence of tropical cyclones, and depending on their intensity. As water level increases (due to the inflow of freshwater from runoffs and in situ rainfall), the coastal sandbar weakens until it breaks, generating an outlet where freshwater is released to the sea. Then, there is an exchange of freshwater-seawater through the outlet, depending on the tides and the volume of water in the lagoon. After months, if climatic conditions are stable, the outlet closes and freshwater level increases again in the lagoon; however, an underground seawater intrusion through the sandbar sediments remains. Under extreme climatic conditions, runoff volume increases, causing changes to the geomorphology and ecology of the lagoon; for example in September 2001, runoffs generated by Hurricane Juliette removed 31.7% of vegetation [21] .
An additional input of water comes from the wastewater treatment plant of San Jose, which discharges wastewater into San Jose stream, north of the lagoon at a rate of 2.5 to 6.3 × 10 6 m 3 /year [27] . Although most of this discharge infiltrates or evaporates, an important volume reaches the lagoon generating an additional source of water and also pollution [5] .
Ecological Importance of San Jose Lagoon
San Jose Lagoon is considered a valuable ecosystem in the region with important biodiversity of flora and fauna. According to [28] , there are at least three species of freshwater shrimps, 14 species of continental and estuarine ichthyofauna, mammals such as Lepus californicus xanti, Sylvilagus audobonii confinis, Sylvilagus bachmani peninsularis, Urocyon cinereoargenteus, Ammospermophilus leucurus extimus, Neotoma lepida atenacea, Perognathus arenarius, and Peromyscus eva eva. Several species of birds have been observed in the area including Geothlypis beldingi which is in danger of extinction [28] .
Around the lagoon, the most abundant species of vegetation are mesquite forest (genus Prosopis), carrizo (Phragmites australis), palmar (Washingtonia robusta), grasses, and halophytes.
In 1994 the government declared the zone as a State Ecological Reserve, subject to ecological conservation. After the effects generated by hurricane Juliette in 2001 [10] , the management plan had to be updated. Since 2009, the lagoon was designated a RAMSAR site.
According to [10] , the main problems in the State Ecological Reserve are irregular construction of facilities within the reserve as well as motorbike rental; deforestation due to illegal harvesting of palm leaf and complete extraction of palms; dumping of debris, pans, and trash up the lagoon; urbanization; introduction of new species of flora and fauna; impairment of vegetation due to burning and increased fires; fragmentation of topography and hydrology resulting from sidewalks, roads, with man-modified environment substituting for natural environment.
Climate Change Scenarios Expected for the Study Area
In several publications the effects of climate change have been addressed; some of them refer to global models [29] [30] [31] , others are focused on Mexico [11] [12] [13] 32, 33] .
Rainfall-related models predict a reduction of non-cyclonic rains and intensification of tropical cyclones for the short-term future (2040). According to [30] , a reduction of 10% is forecasted for non-cyclonic rains while cyclonic rains will increase by 10% for RCP 4.5. Cavazos et al. [12] , propose a mean annual rainfall reduction of −27 to −32% for RCP 4.5 and RCP 8.5, respectively. Bello-Jiménez et al. [11] and [13] estimate an increase of intensity and frequency of tropical cyclones (Table 1. ) Table 1 . Climate change effects for the study area according to different authors.
[30] −10% RCP 4.5 2040 0 to 10% RCP 4.5 2040 n/a n/a [12] −32% RCP 8.5 2040 −27% RCP4.5 2040 n/a n/a n/a
[13] Increment (not quantified) n/a n/a [11] −57% 2040 Increment (not quantified) n/a n/a [33] n/a n/a +10% A1B 2100 n/a [32] n/a n/a +2 to +7% A1B 2030 n/a [29] n/a n/a n/a +0.26-1.4 m RCP 2.5-8.5 2100
n/a n/a n/a +0.75 B1 to 1.9 m A2 2100 n/a = data not available or reported by the author. ∆R = changes in rainfall, ∆ROFF = changes in runoffs, ∆ETO = changes in evapotranspiration, ∆SLR = changes in sea-level.
Changes of evapotranspiration due to climate change are also expected. In Northwest Mexico, [33] proposes an increment of 10% (A1B scenario) for 2100, while [32] proposes an increment ranging from 2-7% for 2050 and under the A1B scenario.
Regarding global sea-level rise, the most detailed data compilation is presented in [29] , ranging from 0.26 to 1.4 m for 2100 under different RCP scenarios. Vermeer et al. [31] forecast a maximum rise of 1.9 m (A2 scenario) for 2100. Other predictions consider a sea-level rise as a result of hydrometeorological events. Melillo et al. [34] propose for United States an increase of hurricane intensity in the near future, generating a sea-level rise of 0.9 to 4.6 m for 2050 (combination of sea-level rise and storm surges).
Spatial Analysis of Vegetation Distribution and Lagoon Surface
In order to estimate the evolution of the extension of the vegetation coverage and the flooding area of the lagoon, a spatial analysis was done using satellite imagery.
Landsat 8 and Sentinel images with a resolution of 10 m for years 2001-2008, 2010, 2012-2014 , and 2016-2017 were uploaded in Qgis 3.0 to estimate the coverage of the vegetation and the shape of the lagoon for each year. The results of this evaluation were compared with the annual rainfall between 2001 and 2017 using data from San Jose del Cabo weather station [35] . This station is the closest to the study area, located 3 km northwest of the lagoon. Its database includes daily records from 1926 to 2016. The mean annual rainfall measured at this station is 259.2 mm/year, with a standard deviation of 190.8 mm/year. Years with extreme rainfall values were correlated with tropical cyclones using the weather-UNISYS hurricane track database [36] .
The evolution of the spatial distribution of mesquite forest (genus Prosopis), carrizo (Phragmites australis) and palmar (Washingtonia robusta) around San Jose Lagoon was calculated using data from [21] , field data and satellite imagery.
Groundwater Model
Due, to the importance of groundwater in the water budget of the lagoon, a regional groundwater MODFLOW-SWI2 model was built, to understand the depletion of water levels and the behavior of seawater intrusion. The model was calibrated for the period 2010-2016, dividing each year into three periods: dry season (180 days), and wet season (60 days of cyclonic rains + 125 days of non-cyclonic rains).
Conceptual Mathematical Model Design
Groundwater modeling of San Jose aquifer was constructed using Model Muse [37] 
where h denotes the potentiometric head (L); K denotes the hydraulic conductivity (L/T); S s denotes the specific storage of the porous material (L −1 ); W denotes the volumetric flux per unit volume representing sources and/or sinks of water (T −1 ); and D denotes the model domain.
The San Jose Aquifer model includes three natural boundaries: the coastline of the Pacific Ocean, simulated as general head condition, and fractured aquitards of Sierra La Victoria to the west and Sierra La Trinidad and Cerro Las Cabras to the east, defined as no flow condition. Using a finite difference approach, the mesh consisted of five layers with cell sizes of 25 × 25 m near the coastline and 100 × 100 m in the rest of the model; the modeled area is 326 km 2 . Starting heads of the model were the 2010 water levels provided by the Mexican National Water Commission [40] . The top of the aquifer was obtained, from an ASTER-GDEM 30 m elevation model re-sampled to 25 m, and our field measurements obtained with a barometric corrected GPS. The granitic basement and the thickness of the layers were defined using geological sections from the Mexican Geological Survey [41] , geological studies [22, 23] , and resistivity sections provided by [40] . A database of 59 wells and their extraction volumes provided by [40] was introduced to the model using the Well package.
The initial hydraulic conductivity for the top layer (unconsolidated sediments) was calculated from 25 soils samples analyzed with a permeameter (TMI, Ohio, USA). After calibration, resulting values ranged from 5. [42] , were used for layer 3 (fine grain sedimentary rocks), layer 4 (weathered granitic rocks) and layer 5 (fresh granitic rocks) respectively. Specific storage and specific yield values obtained from [43, 44] , were applied according to the simulated rock ( Table 2) .
The average annual recharge of San Jose del Cabo aquifer is 35.9 × 10 6 m 3 [26] of which 5.2 × 10 6 m 3 are considered as irrigation return flow. The recharge of the aquifer results from direct infiltration of rainfall, infiltration of runoffs via the arroyos after storm events, horizontal groundwater flows from the Sierras, and anthropogenic processes (irrigation return flow and infiltration of discharges of wastewater). The recharge package was used to simulate direct infiltration of rainfall, horizontal groundwater flow, and irrigation return flow. Infiltration of surface water in the arroyos was simulated using Streamflow package [45] . The mean annual runoff volume was calculated using the mean annual rainfall value of 421 mm/year [26] and a runoff coefficient of 17% [5] . An estimated volume of 9.5 × 10 6 m 3 , which represents the 50% of the capacity of two dams located in the watershed was rested, resulting in a volume of 82 × 10 6 m 3 . Ninety-one percent of this value was introduced into the wet-hurricane season time step (60 days), while the remaining 9% was introduced in the wet-raining season time step (125 days). SWI2 package [46] , was used to perform the simulation of the seawater intrusion. This package was designed to simulate regional seawater intrusion in coastal aquifer systems by representing variable-density flow with discrete zones of uniform or linearly varying density [46] . SWI2 adopts de Dupuit approximation and is able to simulate multiple aquifers; each aquifer (represented as a single layer model) is discretized vertically into zones of different densities. As a result a SWI2 model requires far fewer cells than dispersive solute transport simulations [14] .
To carry out this process, the groundwater was defined as zone 1 with a dimensionless density of 0.000 while the ocean was defined as zone 2 with a dimensionless density of 0.025. The coastline was modeled as a fixed level "0" for all scenarios. The initial Z surface (interface seawater-freshwater) was introduced based on the Ghyben-Herzberg equation, and the 2016 water levels obtained from [40] .
In the manual calibration process, hydraulic conductivity values were adjusted by zones to achieve a concordance between the observed and simulated hydraulic heads for the period 2010-2016. A total of 100 randomly chosen points were selected for the calibration process. The regression between the calculated and the observed levels had an R 2 of 0.9943 which represents a valid model according to [47] and [48] (Figure 2 ). After the prognostic run, water budgets were calculated for the aquifer and for the lagoon. The water budgets for the lagoon considered scenarios with the sandbar outlet opened and closed. The CUR17 scenario was used as a baseline to compare with the other scenarios. 
Results
Water Budget and Climate Change Effects for the Regional Groundwater Model and San José lagoon
For the regional groundwater model, CUR40 scenario shows a reduction in a range of −0.1 to −3.0 m for 2040. The maximum water level for CUR40 is 140 m. As for the CON40 scenario, water levels drop in a range of −0.1 to −4.0 m; finally, the EXT40 scenario shows a water level reduction in a range of 0.1 to 4.5 m and up to 1.5 m in the lagoon area (Table 3) .
Regarding water budget, for CUR40 scenario, the annual aquifer balance indicates an average deficit of −3.5 × 10 6 m 3 , with a positive balance of 7.8 × 10 6 m 3 during the wet season, due to the increase of recharge, and a deficit in the dry season of −11.3 × 10 6 m 3 . The annual deficit for CON40 and EXT40 scenarios increases to −4.3 × 10 6 m 3 and −6.5 × 10 6 m 3 , respectively, as a result of a After the calibration step, three scenarios were simulated for the year 2040 (Table 3) . The CUR17/40 scenario was designed to simulate water levels under current climatic and oceanographic conditions. A conservative scenario CON40 represents a reduction of 10% of rainfall, 10% increase of runoffs [30] , and an increase of 2.6% of evapotranspiration (calculated after [32] ); finally, the extreme scenario EXT40 represents a reduction of 32% of rainfall [12] , increase of evapotranspiration of 7.6% (calculated after [32] ), and an augmentation of 20% of runoffs. The sea-level rise was defined at 0.83m and 1.0m for CON40 and EXT40 scenarios (calculated after [29, 31] ). After the prognostic run, water budgets were calculated for the aquifer and for the lagoon. The water budgets for the lagoon considered scenarios with the sandbar outlet opened and closed. The CUR17 scenario was used as a baseline to compare with the other scenarios.
Results
Water Budget and Climate Change Effects for the Regional Groundwater Model and San José lagoon
Regarding water budget, for CUR40 scenario, the annual aquifer balance indicates an average deficit of −3.5 × 10 6 m 3 , with a positive balance of 7.8 × 10 6 m 3 during the wet season, due to the increase of recharge, and a deficit in the dry season of −11.3 × 10 6 m 3 . The annual deficit for CON40 and EXT40 scenarios increases to −4.3 × 10 6 m 3 and −6.5 × 10 6 m 3 , respectively, as a result of a reduction of freshwater input during the wet season (Table 4) . Regarding San Jose Lagoon, especially on its northern side, water levels will drop from 2.4 m in 2017 to 2.1, 1.7, and 0.9 m for 2040, for CUR40, CON40, and EXT40 scenarios respectively.
The scenario CUR17, which defines the current state of the lagoon, results in an annual water balance of 102 × 10 4 m 3 with the sandbar outlet closed, and a deficit of −97.8 × 10 4 m 3 , with the sandbar outlet opened (Table 4) . For the year 2040 (CUR40), the groundwater inflow (HGI) decreases to 82.7 × 10 4 m 3 ; therefore, the annual balance with the sandbar outlet closed reduces to 66.5 × 10 4 m 3 , and the deficit with the sandbar outlet opened increases to −133.3 × 10 4 m 3 ( Table 4) .
As for CON40 and EXT40 scenarios, reductions are observed for in situ rainfall (R), horizontal groundwater inflow (HGI), and outflow (HGO), while there is an increase of evapotranspiration (ETO). This generates for CON40 an annual balance of 10.6 X 10 4 m 3 with the sandbar outlet closed, and a deficit of −189.1 X 10 4 m 3 with the sandbar outlet opened, while for EXT40 and regardless the status of the sandbar outlet, water balances show a deficit of −108.6 X 10 4 m 3 and −308.5 X 10 4 m 3 (Table 5 ). 
Expected Surface and Underground Seawater Intrusion in the Lagoon
Considering a sea-level rise of 0.8 m (scenario CON40), seawater will migrate 60 m inland flooding an area of 29,115 m 2 . With a 1.0 m sea-level rise (scenario EXT40), the migration will be up to 230 m, affecting an area of 52,390 m 2 of the lagoon. The affected area represents 17 and 29% of the actual coverage of the lagoon (Figure 3 ). According to the model, for the CUR40 scenario, the volume of the seawater wedge is 7.3 × 10 6 m 3 . This value increases for the CON40 scenario, reaching 11.73 × 10 6 m 3 ; finally, for the EXT40 scenario, the volume is 13.2 × 10 6 m 3 . 
Changes in the Spatial Distribution of Vegetation and the Lagoon (2001-2017)
The results indicate that both the vegetation cover and the extent of the lagoon have been reduced from 2001 to date. With respect to the vegetation, the maximum observed coverage was 0.97 km 2 According to the model, for the CUR40 scenario, the volume of the seawater wedge is 7.3 × 10 6 m 3 . This value increases for the CON40 scenario, reaching 11.73 × 10 6 m 3 ; finally, for the EXT40 scenario, the volume is 13.2 × 10 6 m 3 . 
Changes in the Spatial
Discussion
Limitations
The quality of the data and the calibration process is essential to validate any model. Once calibrated, MODFLOW and SWI2 act as powerful tools for simulating groundwater conditions and for groundwater-surface water interaction. Although this has been established in the current study, the current novelty of the model and dependence on its components give rise to some limitations.
Climate change scenarios always have an amount of uncertainty, particularly related to the 
Discussion
Limitations
Climate change scenarios always have an amount of uncertainty, particularly related to the magnitude and rate that each parameter change [29, 30] . This uncertainty increases with time. Although we perform the simulations for the short-term future (to reduce uncertainty), it is possible to expect variability compared to real data. This situation reaffirms the need to continue recalibrating the model as new updates of climate change impacts are published.
About anthropogenic impacts, the amount of pumping from the aquifer and governance are aspects which are difficult to forecast and need to be recalibrated in case of new patterns observed within the simulated time.
With this methodology is possible to forecast changes to the vegetation coverage and salinity of the water body; however, its quantification is not viable due to the limitations of MODFLOW and SWI2 as hydraulic models.
Expected Hydrogeological and Geomorphological Impacts on the Lagoon
After the calibration step, the calculated water budget indicates that nowadays, the aquifer is overexploited, with an annual deficit of −3.5 × 10 6 m 3 , which is 0.68 × 10 6 m 3 more than reported by [26] .
Climate change scenarios for Northwest Mexico suggest that most of this area will have a reduction of rainfall [11] [12] [13] 30] and an increase of evapotranspiration [32, 33] ; however, places located near the tip of Baja California peninsula could expect an increase of intensity and frequency of tropical cyclones [11, 13] . These scenarios are congruent with the global scenarios presented by [30] .
Cyclonic rains in the study area are usually intense and short duration [5] . According to the model, an increase of intensity will augment the volume of runoffs, but recharge will not increase. This phenomenon has been previously predicted for the Santo Domingo aquifer, located 400km north of the study area [15] .
As infiltration by streams remains stable, recharge related to groundwater horizontal flow and in situ rainfall become more important. The expected reduction of these inputs and an increase of evapotranspiration will reduce the annual recharge of the aquifer; thus, generating depletion of water levels and an increase in the deficit by 2040.
Considering the lagoon as a complex hydrological system with a surface interaction between continental and marine water through a seasonal sandbar outlet and a second underground interaction between fresh groundwater and seawater [5] , the forecasted results show that a water level depletion of 1.5 m, north of the lagoon may have an important effect in the inflow of freshwater to the lagoon. Climate change scenarios will worsen this situation as the forecasted increase of runoff volumes and storm surges as a result of the intensification of tropical cyclones [11, 13, 30, 34] , in combination with the forecasted global sea-level rise [29, 31] , will increase the rate of erosion upstream and in the sandbar which represents an hydrological separation between the lagoon and the sea according to [5] . As a result, the amount of surface saltwater flowing into the lagoon will increase, modifying its salinity. Underground, the seawater intrusion wedge will move inland (Figure 3) , affecting groundwater quality.
Another important aspect to consider is that geomorphological changes occur in the lagoon. According to [10, 21] , and the analysis of satellite imagery, the geomorphology of the lagoon has changed considerably since 2001. After extreme runoff events, due to the impact of tropical cyclones, erosion is generated in the upper-central zone of the lagoon while a deposit of sediments occurs in the coastline, extending the beach, but also reducing the height of the sandbar. In addition, and depending on the intensity of the event, the sandbar outlet grows, increasing the exchange of fresh-saline water. This situation together with a sea-level rise may undergo a change in coastal dynamics, generating two possible scenarios: the disappearance of the lagoon as such, giving rise to a new coastal environment, or the migration of the lagoon upstream.
Expected Ecological Impacts on the Lagoon
In 2001 a reduction of the vegetation coverage, specially Prosopis pubescens, Phragmites australis, and Washingtonia robusta was analyzed by [21] . After this event, recovery was observed for 2004, 2007, and 2010; however, results of the geospatial analysis show a trend to reduction for the period 2001-2017.
As previously discussed by [5, 10] , the expansion of the touristic infrastructure has led to the increase of freshwater demand, affecting groundwater inflow into the lagoon, the removal of vegetation, and the modification of the coastline for the construction of touristic related projects. Inadequate management protocols have led to the disposal of wastewater from the treatment plant and other not officially published sources, contributing to the pollution of the lagoon. Also, several fires have affected large portions of the area in the past. The impact of six tropical cyclones has also contributed to the reduction of vegetation. The forecasted increase of frequency and intensity of tropical cyclones [11, 13, 30] , will worsen this situation, as the recovery time will be reduced and the erosive force of runoffs will be greater.
Another scenario to consider is the expected increase in salinity. As salinity in the lagoon increases due to the reduction of freshwater inflow and augments of seawater input, vegetation will suffer stress, possibly accelerating the reduction of freshwater-dependent vegetation.
Conclusions
Coastal lagoons and wetlands are valuable ecosystems which play an important role in providing ecological services to coastal populations, sources of freshwater and refuge of fauna species. They are fragile ecosystems which are susceptible to degradation in the face of natural or anthropogenic impacts. In arid areas with strong touristic development such as Baja California Sur, where desert climates predominate, the pressure on these ecosystems is even greater.
Its geographical location places San Jose Lagoon in a vulnerable situation, as it is surrounded by population centers which generate pressures to the ecosystem. The extraction of groundwater for the town of San Jose and its touristic industry and the discharge of wastewater from the treatment plant is reducing the extension and quality of the lagoon. The inappropriate land planning which has led to urbanization, illegal harvesting of palm, dumping of debris, fragmentation of the environment-resulting from sidewalks, roads, and man-made structures-has generated a drastic transformation of the borders of the lagoon affecting the distribution of the vegetation and also contributing to the reduction of the water body. Climate change will worsen this situation as saltwater from the sea will flood the southern portion of the lagoon, promoting a migration inland of the seawater intrusion wedge. As a result, salinity of the lagoon and the southern part of the aquifer will increase.
The future of the lagoon as a freshwater body is uncertain, however; actions can be done to mitigate the impacts of anthropogenic activities and climate change. An adequate management of the San Jose aquifer may lead to the restoration of freshwater inflow to the lagoon; the implementation of programs for ecological protection and restoration may contribute to improving the health of the ecosystem, the upgrade of the State Reserve to a Natural Protected Area may lead to the creation of buffer zones to reduce the impact of the touristic industry and illegal activities.
The methodology we proposed, lets us quantify the response of the eco-hydrology of the lagoon to anthropogenic and climate change pressures for the near future, demonstrating its effectiveness as a tool for promoting the conservation of coastal lagoons. 
